Z-DEPENDENCE OF THE DOUBLE CAPTURE IN
The investigation, by electron spectroscopy, of the capture of two electrons by helium-like ions was pursued f o r several years on the ECR source of Lagrippa Laboratory a t Grenoble. Partial results obtained f o r ~5 + ( l s 2 ) + H z Ill, ~5 + ( l s 2 ) and 06+(ls2) + He 121, and Ne8+(ls2) + He,H2 13,41 have already been published together with a preliminary report on the subject of t h i s pape,: 151. However t h i s i s the f i r s t time t h a t an accurate identification of l s 2 3 a 3~ s t a t e s i s given by comparing new theoretical data with electron spectra : f o r c4+, N5+ and 06+ ions ; some results have already been published f o r Ne8+ 13,41.
The angular dependence of the electron spectra will also be discussed. Similar studies have been undertaken in other laboratories 16-131.
-Electron spectra
In figures 1 t o 3 are shown for each system the angular dependence of the n distributions ; these results complete our e a r l i e r data on Ne8+ + He,H2 13,4l (see also refs. 6 to 13). Clear anisotropies are observed mainly f o r hydrogen target with C, N , 0 ions but also f o r helium t a r e t with Ne8+ 141. As the reaction window peaks on low lying l s 2 2 m 1 r ' s t a t e s i n cR + Hz and ~5~ + He systems 161 , small double capture differential cross sections are measured i n these cases ( fig.   1 and 2a) ; mainly n ' = 3 terms of the ls23an'a' series are seen and double capturt processes appear to be rather selective ( fig. 1 and 2a) . With 06+ + He, the n = 4 states are excited with a comparable probability as the n' = 3 ones (fig.  3a) ; from the known structure of the n ' = 4 part of the spectrum i n Ne8+ + He (fig. 5 in 141 and ref. 19 ), i t may be surmised that mainly the 3s4a + 2 p~a lines are seen i n fig. 3a ; i n the high energy wing appear the 3p,d4E + 2pet components. The l a t t e r s t a t e s are more strongly excited in 06+ + H z ( fig. 3b ) and the identification given f o r ~e 8 + + He 141 applies here sinc: the two spectra are very similar (compare fig. 3b w i t h fig. 5 in l41) , the n = 4 states being as excited as the n ' = 3 ones (as for ~e~+ + He 141 ).
A t low electron energies (E < 10 eV) additional lines are observed (10" spectra in fig. 1 For 06+ + Hp ( f i g . 3b) and Ne8+ spectra ( f i g . 5 and 6 i n 141), t h e i r meaning i s l e s s c l e a r and r a d i a t i v e cascades from u'pper terms o f l s 2 3 r n ' a 1 s e r i e s must be p u t forward 1121. This i s p a r t i c u l a r l y t r u e i n Ne8+ spectra where 2pnt 1,ines are observed t o be more s t r o n g l y e x c i t e d w i t h Hz than w i t h He t a r g e t (compare f i g . 5 and 6 a t 10" i n 141 . Whereas the r e a c t i o n window s h i f t s i n hydrogen towards 1 the upper terms o f 1s 3an'e' s e r i e s and t h e ls24an1a1 one 141. W e a l s o r e c a l l t h e strong discrepancies noted between
the various experimental r e s u l t s f o r the absolute s t r e n g t h o f t h e 2pna l i n e s 14,6,7,9,11-13, see a l s o the companion paper, r e f . 201. The atomic parameters, energy levels, wavelengths x and r a d i a t i v e t r a n s i t i o n p r o b a b i l i t i e s Ar, have been calculated using the SUPERSTRUCTURE code developed by Eissner e t al. 1141. The program includes i n the hamiltonian some o f the Breit-Pauli r e l a t i v i s t i c corrections. The autoionisation p r o b a b i l i t i e s Aa f o r a l l the available continua have been obtained using the AUTOLSJ program described i n a paper by the TFR group 1151. These two programs use the same wavefunctions and model potentials, and are w e l l suited f o r the computation o f l a r g e q u a n t i t i e s o f atomic data f o r mu1 t i p l y charged ions. They used scaled ThomasFermi -Dirac p o t e n t i a l s f o r which the scaling parameters Ag are determined by an energy minimization. For c2+, ~3 + and 04+ ions and ap are adjusted through a minimization o f the sum o f the energies o f a l l the terms belon i n g t o the configurations 1~2 2~2 , l s 2 2 s~~, i s 2~~2 , i s~s 2 2~, 1~2~2~2 and 1~2~3 ?Ad was set equal t o ap). The values o f the s c a l i n g parameters are given i n t a b l e 1. The energy levels, wavelengths and t r a n s i t i o n p r o b a b i l i t i e s have been calculated using mu1 t i c o n f i g u r a t i o n e7pansions containing, f o r the four-electron systems, the configurations 1s2nan1l? w i t h n and n ' e ual t o 2 and 3 and I = 0,1,2.
From t h i s discussion i t appears t h a t an i d e n t i f i c a t i o n o f the 39.3~' s t a t e s w i l l be very i n t e r e s t i n g t o o b t a i n valuable informations on t h e double
The 
3-2 Comparison w i t h experiment
Comparison of experimental 1 ine positions with theoretical data implies that the angular dependent post-collision interaction (PCI) between the electron and the doubly ionised target i s taken into account (see 116) and references given therein, together with 1171). This was recently applied t o N7+ + He 1161 and Ne8+ + He 141. In t h i s work we used the method described i n 1161 without doing a f i t ; a detailed analysis of the line shapes i s in progress. The positions given in figures 1 t o 3 are the final positions of the theoretical functions. In the case of H z target, a special detailed theoretical investigation of the PC1 effect has shown that the dissociating ~~2 + molecules ion can be considered t o have an effective charge (+2) as f o r the helium ion 1181. The experimental spectra have been calibrated against theoretical level positions : the 3 p 3 d l~" s t a t e i s chosen f o r ~4 ' + H2 ( fig. 1 ) and N5+, 06+ + He fig. 2a and   5 3al ; the 3p2 10 s t a t e f o r ~5 + + HZ ( fig. 2b ) and, finally, the 362 P s t a t e f o r 06 + Hp (fig. 3b) . The theoretical positions used as references are indicated by an arrow in these figures in the 10" part. For other angles, the same was done, recalculating when necessary the angular dependent post-collision s h i f t f o r the reference 1 ines.
-Experimental results
From the comparison w i t h theoretical positions, most of the observed lines are clearly identified : capital l e t t e r s "A" t o "E" are used f o r decay into 2 p~% continuum (except f o r the 3s2 1s s t a t e decaying into 2sek continuum which contributes t o line "C" as appeared in the following) ; corresponding small l e t t e r s are used f o r decay into 2 s~a continuum.
4-1 Helium target
i ) Lines "A" and "a". For C N and 0 ions the f i r s t line corresponds to an excitation 'of 3s3piP and 3s3d1D states. As we have confidence in the theoretical relative positions and decay probabilities, i t i s seen i n the 10' spectrum of N5+ + He (fig. 2a , see also 06+ + He in fig. 3a ) that the maximum of the structure "A" appears a t a too high energy and that the bump in the low energy wing .is too broad t o be explained by the well-known PC1 shapes. I t i s also observed that the shape and position of t h i s structure evolves with the angle of emission compare 45" spectrum with 10" spectrum i n f i g . 2a), w i t h Z (no problem (8+ arises in Ne + He 14, 191) , with the nature of the target (compare 10" spectra in fig. 2a and 2b) , as well as the continuum of autoionisation (in fig. 2a compare the shapes of lines "A" and "a"). This new phenomenon is tentatively ascribed to an interference between the transition amplitudes of lp and *D states ; if the interpretation is valid, this is the first time that such interferences are observed in electron spectra obtained with multicharged ions. It is certainly related to the fact that for low Z ions, these two states are found to be almost degenerate with a separation smaller than 0.03 eV, much less than their decay widths which are equal to about 0. 3 eV (tables 2 to 4) ; in figures 1 to 3 , it is the PCI shift which separates somewhat their positions.
ii) Lines "B" and "b". Line B is always very clearly seen in all the spectra. It is mainly explained by the 3p3dlD state ; it can be verified that the 3p 2 lD state weakly contributes because its decay into 2se£ continuum is observed to be very weak ( fig. 2a and 3a ; remember that decay of 3p3dlD into this continuum is forbidden due to parity conservation selection rule). The contribution of the 3p 2 *s state is never seen as a line but, if excited, it must give a more diffuse contribution between lines "A" and "B" because of the large PCI broadening (see decay probabilities in tables 2 to 4). (fig. 2b) . The 3d 2 *G contribution seems rather weak at 10° ; at 90°, the separation between lines "C,D" and "B" deteriorates due to the increase of the broad *G line intensity ; at 160°, the lG line becomes predominant over all the other singlet lines and certainly explains the very particular shape observed for the ls 2 3l3*' spectrum. This identification also holds for 0 6+ ; again at 160°, the ls 2 3JW spectrum presents a strong variation of shape, the lines "A", "B" and "C" being less resolved, but it seems that the *G line is not as anisotropic as in N 5 * spectrum. The angular variation of the ls 2 323£' part of the 0 6+ + H£ spectrum is similar to the one already observed in Ne 8+ + He ( fig. 5 in |4|) . v ) Line "En. F i n a l l y , we must mention a new s t r u c t u r e l a b e l l e d "E" i n the 160° spectrum o f 06+ ; i t can be i d e n t i f i e d as a 3s2 IS + 2pet c o n t r i b u t i o n even if the t h e o r e t i c a l r e s u l t i n d i c a t e s a very unfavourable branching r a t i o ( t a b l e 4). A weak c o n t r i b u t i o n o f t h i s t r a n s i t i o n i s a l s o seen i n ~5 + + H2 ( f i g . 2b, 10" and 90°, w i t h o u t l a b e l "EM).
-Conclusion
This q u a l i t a t i v e a n a l y s i s o f t h e e l e c t r o n spectra allows t o kwow the general trends o f the double capture processes i n t o ls23a3a' configuration. More q u a n t i t a t i v e r e s u l t s w i l l be obtained w i t h the a n a l y s i s o f the l i n e shapes which i s now i n progress i n our laboratory.
